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Ethnic minorities, such as Latinx people of Hispanic or Latino origin, and women earn fewer engineering degrees than Caucasians and
men. With shifting population dynamics and high demands for a technically qualified workforce, it is important to achieve broad
participation in the engineering workforce by all ethnicities and both genders. Previous research has examined the knowledge of and
interest in engineering among students in grades five and higher. In contrast, the present study examined elementary school students in
grades K–5. The study found that older students in grades 4 and 5 had both greater knowledge of engineering occupational activities and
greater interest in engineering than younger students in grades K–3. Moreover, Caucasian students had greater knowledge and interest
levels than Latinx students. There were no significant differences between boys and girls, nor any significant interactions among gender,
grade level, and ethnicity. A significant positive correlation between knowledge of engineering occupational activities and interest in
engineering was also found. The findings suggest that early engineering outreach interventions are important. Such early interventions
could potentially contribute to preserving the equivalent interest levels of males and females for engineering as students grow older. Also,
ethnic disparities in engineering knowledge and interest could potentially be mitigated through early interventions.
Keywords: elementary school students, engineering interest, engineering occupational knowledge, ethnicity, gender
Introduction
There has been increasing concern in recent years regarding the low percentage of adults who are earning degrees and
pursuing careers in engineering (NAE, 2011; U.S. Congress Joint Economic Committee, 2012). While the number of
engineering positions is projected to grow significantly over the next several years, many of these positions are expected to
be unfilled due to a shortage of skilled workers (My College Options & STEMconnector, 2012). The low numbers of
female and ethnic minority individuals pursuing engineering in U.S. colleges is believed to be a major contributor to the
inability to meet the demands of the engineering workforce. At the bachelor level, women and ethnic minority students earn
less than 20% and 13% of the degrees awarded in engineering, respectively (NSF, 2015), are less likely to pursue science or
engineering majors at the start of college, and are less likely to remain in these fields (U.S. Census Bureau, 2013).
At the same time, a large shift in the ethnic make-up of the U.S. population is unfolding. The U.S. Census Bureau reports
that Hispanics and Latinos are the third fastest growing population; projected numbers are to increase from 55 million in
2014 to 119 million in 2060, and by the year 2060, 29% of the U.S. population is projected to be of Hispanic or Latino
origin (Colby & Ortman, 2015). For brevity, we use the term ‘‘Latinx’’ to refer to people of Hispanic or Latino origin
throughout this article.
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Given the underrepresentation of ethnic minorities in
engineering (Garrison, 2013) and the increasing proportion
of ethnic minorities in the U.S. population, it is highly
important to examine the development of attitudes of
various ethnicities and both genders toward engineering
(Chachra, Kilgore, Loshbaugh, McCain, & Chen, 2008).
As reviewed in the next subsections, research has found
gender and ethnic differences in children’s engineering
attitudes. However, we do not know exactly at what age
these attitudes and lack of interest in or knowledge of
engineering occupations become apparent. Therefore, this
research investigates K–5 Latinx and Caucasian students’
interest in and knowledge of engineering occupational acti-
vities, and how their interest in and knowledge of engineer-
ing relates to age and ethnicity.
While there are likely many factors that contribute to
the gender and ethnic disparities in engineering, social and
developmental psychologists have focused on children’s
interests and perceptions. Prior research has found gender
and ethnic differences in children’s interest in engineering
as early as in middle and high school (Aschbacher, Li, &
Roth, 2010; Degenhart et al., 2007). To our knowledge,
however, prior research has not explored if these discre-
pancies begin as early as elementary school. Moreover,
little research has explored the role of children’s knowledge
of the engineering field and how it may contribute to their
interest in engineering. In the present study, we address these
open research areas.
The Importance of Early Exposure to Engineering
This study focuses on knowledge about engineering occu-
pations and interest in engineering in elementary school
children (and does not consider engineering skills develop-
ment or learning). In order to position this study in the wider
context of the early exposure to engineering, we briefly
review the existing research on the effects of early exposure
to engineering on the broad spectrum of child characteristics,
spanning from skill development and learning to interest.
Research findings in developmental psychology and neuro-
biology have revealed strong effects of the early environment
on the capacity for human skill development. Early expe-
riences have uniquely powerful influences on the develop-
ment of cognitive and social skills, as well as on shaping the
brain architecture. This is because the capacity for changes in
the foundations of human skill development and neural cir-
cuitry is highest early in life (Knudsen, Heckman, Cameron,
& Shonkoff, 2006). Early learning opportunities appear to
enhance children’s capacity to learn, which may improve their
later elementary school performance (Burger, 2010).
Research has shown that interest in science is usually
ignited before middle school, and that early exposure to
information is instrumental in motivating students to develop
their talents to pursue science as a career option (Maltese
& Tai, 2010; Rogers, Wendell, & Foster, 2010). Most
conceptualizations of individual interest include positive
emotion, affect, or feelings (Hidi & Renninger, 2006; Krapp,
2007), and include perceived value judgement for the content
being taught (Eccles & Wigfield, 2002; Hidi & Renninger,
2006). Johnson, Ozogul, DiDonato, and Reisslein (2013)
presented a multimedia overview of engineering occupations
to a total of 565 students ranging from elementary to high
school. They concluded that early exposure to such engi-
neering overviews, as early as in grades 3–5, has a more
pronounced positive impact on engineering perceptions than
exposure at higher grade levels. Similarly, in a longitudinal
study investigating 10-year-olds’ interest in science and
scientific careers, Archer et al. (2010) found over a period of
five years that beneath the broadly expressed general enthu-
siasm for science by these children (independent of gender,
ethnicity, and social class), the development of gender, ethnic,
and class distinctions solidified in later years. Taken together,
these findings indicate that it is very important to start expo-
sure to engineering early, before these perceptions begin their
solidification in children.
Given that learning develops in a cumulative manner, in
that early experiences have a profound effect on later
skill development and one’s motivation to learn (Heckman,
2006), it is essential to understand children’s early beliefs
and experiences if we want to change occupational dispari-
ties in science, technology, engineering, and mathematics
(STEM) fields in the long term. However, gaps in early
cognitive proficiencies of children are evident across social
class and ethnic groups, as children enter kindergarten (Loeb,
Bridges, Bassok, Fuller, & Rumberger, 2007). For example,
English-proficient Latinx five-year-olds in California score
about 0.38 of a standard deviation (SD), or about three
months, behind White counterparts in pre-reading and math
skills (Rumberger & Arellano, 2003). Martin, Simmons, and
Yu (2013) investigated factors that contributed to Latinx
women choosing an engineering career in college. They
found that delays in the recognition or identification of re-
sources for succeeding in STEM fields resulted in complica-
tions in the transitions of the Latinx women to university
courses. Thus, early provisioning and awareness of resources
appear to be important for successful engineering studies.
Gender and Ethnic Differences in Engineering Perceptions
Prior research investigating ethnic and gender differ-
ences in engineering stereotypes and beliefs has generally
focused on middle school, high school, and college-age sub-
jects (e.g., Besterfield-Sacre, Moreno, Shuman, & Atman,
2001; Brainard & Carlin, 1998; Chan, Stafford, Klawe, &
Chen, 2000; Ing, Aschbacher, & Tsai, 2014; Salzman,
Ohland, & Cardella, 2015; Schaefers, Epperson, & Nauta,
1997; Tolbert & Cardella, 2016). These studies on students
of middle school age and older consistently found that there
are differences in students’ attitudes and perceptions based
on gender: female students have more negative attitudes
16 Gamze Ozogul, Cindy Faith Miller, and Martin Reisslein / Journal of Pre-College Engineering Education Research
2http://dx.doi.org/10.7771/2157-9288.1122
toward engineering than male students, and female students
enter engineering careers with lower confidence in their
engineering knowledge and abilities compared to their male
counterparts. However, we do not know when children first
develop gender and/or ethnic stereotypes about engineer-
ing, and if and how this knowledge may be related to their
competency beliefs.
While elementary school students’ stereotypes and
achievement-related beliefs regarding math and science are
well studied, there is little research that explores the
development of engineering perceptions in this age group
(Lachapelle, Phadnis, Hertel, & Cunningham, 2012; Lindberg,
Pinelli, & Batterson, 2008). For instance, only a few studies
have examined engineering attitudes of students of grade five
or higher (DiDonato, Johnson, & Reisslein, 2014; Gibbons,
Hirsch, Kimmel, Rockland, & Bloom, 2004; Guzey, Harwell,
& Moore, 2014, Hutchinson, Bodner, & Bryan, 2011; Strutz,
2010; Wendell & Rogers, 2013; Wright & Terry, 2010).
However, there is very limited understanding of the deve-
lopment of these attitudes in the earlier elementary school
years K–5. To the best of our knowledge, there has not been a
study that examined gender and ethnic differences in elemen-
tary school students’ engineering interests and their knowl-
edge of the engineering field.
Knowledge of Engineering Career Field in Early Grades
There have been only a few studies on students’ know-
ledge of engineering occupations. For elementary school
students, Lachapelle et al. (2012) found that students’
knowledge of engineering is generally more focused on
engineers repairing or installing things, such as cars or
electrical items, rather than on engineers improving or
inventing things. Lachapelle and Cunningham (2007)
focused on the knowledge of engineering of students in
grades 2–6, and found that through implementation of an
engineering curriculum, the students significantly improved
their understanding of the engineering and technology fields,
compared to the control group. Cunningham, Lachapelle,
and Lingren-Streicher (2005) investigated the perceptions
of students in grades 1–5 toward what engineers do. Results
showed that most of the students indicated that engi-
neers repair cars (78.4%), install wiring (75.2%), drive mach-
ines (70.7%), construct buildings (69.7%), set up factories
(67.1%), and improve machines (63.5%). That is, students
strongly confuse construction workers and auto mechanics
with engineers.
For middle school students, Hirsch, Berliner-Heyman,
Kimmel, and Carpinelli (2011) found a man fixing a car
or driving a train to be the most common misconception of
an engineer. Also, students frequently represented an engi-
neer as a person alone with a computer, which is another
common misconception of engineers spending time alone
while working. Other studies on the knowledge of the
engineering field have focused on students in high school
(Montfort, Brown, & Whritenour, 2013), college freshmen
(Chacra et al., 2008; Pritchard & Mina, 2013), and engi-
neering faculty (Pawley, 2009). To the best of our know-
ledge, no prior study has focused on gender and ethnic
differences in elementary school students’ attitudes toward
and knowledge of engineering. The misconceptions about
engineering found by Hirsch et al. (2011), Cunningham
et al. (2005), and Lachapelle et al. (2012) may contribute to
the gender and ethnic differences in engineering attitudes and
participation. Possibly, correct knowledge about engineering
may help alleviate the gender and ethnic differences.
Engineering Education in Elementary Schools
Engineering education in elementary schools is generally
a nascent area (Cunningham, Knight, Carlsen, & Kelly,
2007; Lachapelle & Cunningham, 2014; Moore et al., 2014;
Sun & Strobel, 2013) even though the engineering field has
the advantage in elementary schools of being something
students enjoy, as it involves hands-on work and creativity
(Portsmore & Rogers, 2004). In order to advance the tech-
nological fluency of the youth, the implementation of science
and engineering curricula should start in early grades. Also,
there needs to be a reexamination of the content that young
children are able to learn, in particular in the engineering
areas (Bers, 2010).
A few studies have examined the perspectives of elemen-
tary school teachers on engineering education (Capobianco,
Ji, & French, 2015; Dalvi & Wendell, 2017; Hsu, Purzer, &
Cardella, 2011; Lottero-Perdue, & Parry, 2016; Moffett,
Weis, & Banilower, 2011; Wendell, 2014; Yoon, Evans, &
Strobel, 2014). However, relatively few studies have
examined engineering education at the elementary school
age (Purzer, Strobel, & Cardella, 2014). In particular, ele-
mentary school engineering education in formal settings
has been considered (Aguirre-Muñoz & Pantoya, 2016;
Barth, 2013; Johnson, Wendell, & Watkins, 2016; Jordan &
McDaniel, 2014; Koerber, Mayer, Osterhaus, Schwippert, &
Sodian, 2015; Lachapelle & Cunningham, 2016; Milto,
et al., 2016; Strawhacker, Sullivan, & Portsmore, 2016;
Weber, Duncan, Dyehouse, Strobel, & Diefes-Dux, 2011;
Wendell & Rogers, 2013; Wendell, Watkins, & Johnson,
2016), while informal settings have also been examined
(Dalvi & Wendell, 2015; Dorie, Cardella, & Svarovsky,
2015; Frey & Powers, 2012; Portsmore & Swenson, 2012).
A few studies have examined the integration of engi-
neering education into elementary schools by using it as a
context for teaching science (Cejka, Rogers, & Portsmore,
2006; Donna, 2012; Kazakoff, Sullivan, & Bers, 2013;
Marulcu, 2014; Marulcu & Barnett, 2013; Schnittka, 2012;
Stohlmann, Moore, & Roehrig, 2012; Wang, Moore, Roehrig,
& Park, 2011; Wendell & Lee, 2010; Yoon, Dyehouse,
Lucietto, Diefes-Dux, & Capobianco, 2014). These studies
generally found that elementary school students’ knowledge
of the content of a specific engineering project increased after
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the implementation of the programs, and that positive
responses to engineering increased. However, even with
these interventions, we still know little about elementary
school children’s understanding of engineering occupational
fields as a result of engaging in these engineering activities.
Even if these types of interventions create interest toward
a certain engineering activity, they do not necessarily expose
students to the knowledge and understanding of broad
engineering career options. Many career options are never
considered by certain gender and ethnic groups because the
individual is unaware of their existence, has little opportunity
or encouragement, or has inaccurate information regarding
the career itself or the individual’s potential (self-efficacy) for
being successful in that field (Eccles, 2005). Another issue
that has motivated the present study is that little research has
examined the role of students’ knowledge of occupational
STEM activities, and this is especially relevant for engi-
neering (Lachapelle et al., 2012). Unlike other STEM fields,
students are rarely exposed to engineering occupational
fields in elementary school (Carr, Bennett, & Strobel, 2012).
Therefore, it is unclear when students develop an under-
standing of and interest in engineering, how this may relate
to gender and ethnicity, and whether knowledge of and
interest in engineering are related.
Investigating students’ engineering knowledge and beliefs
in early elementary school is essential for the development of
comprehensive, developmentally appropriate, and culturally
responsive interventions (Gay, 2010). There is a concern
about the achievement gaps across different demographic
groups, especially women and Latinx students. If these dis-
parities were corrected then the United States would be better
able to fulfill the increasing demand for STEM workers (U.S.
Congress Joint Economic Committee, 2012).
Present Study
Considering the gender and ethnic discrepancies appar-
ent in the current engineering workforce, and the projected
growth of the Latinx population in the future, a focused
investigation is necessary to understand contributing factors
for this divide, and to understand how early this divide starts.
Thus, the present study focuses on exploring knowledge of
and interest in engineering of K–5 students. More specifi-
cally, this study examines the knowledge of engineering from
two angles: actual knowledge, as assessed through a Know-
ledge of Occupational Activities Measure–Engineers (KOAM–
E), as well as perceived knowledge, as self-reported by the
students. Moreover, the study examines the students’ self-
reported interest in engineering. In particular, this study seeks
to address the following research questions related to the
knowledge of engineering and interest in engineering:
1. Actual engineering occupational knowledge (KOAM–E)
a. Are there grade level differences, gender differences,
and ethnic differences in the overall engineering
occupational knowledge between Caucasian and
Latinx children?
b. Do grade level, gender, and ethnic (Caucasian vs.
Latinx) differences in children’s engineering know-
ledge depend on the engineering domain (civil,
mechanical, electrical/computer)?
2. Perceived knowledge of engineering occupational
activities
a. Are there grade level, gender, and ethnic (Cau-
casian vs. Latinx) differences in children’s percei-
ved knowledge of engineers?
b. Is there an association between children’s actual
knowledge of occupational engineering activities
and their perceived knowledge of engineers?
3. Interest in engineering
a. Are there grade level, gender, and ethnic (Caucasian
vs. Latinx) differences in children’s interest in engi-
neering activities?
b. Is there an association between children’s knowl-
edge of occupational engineering activities and their
interest in engineering activities?
Method
Participants
Participants were 152 Caucasian/White (54% female)
and 167 Hispanic/Latino (50% female) children who were
recruited from two public elementary schools, one in the
Southwestern USA and one in the Midwestern USA. Chil-
dren were divided into three grade groups: early (kinder-
garten and 1st grade; n 5 96); middle (2nd and 3rd grade;
n 5 108); and upper (4th and 5th grade; n 5 115). The mean
ages in years for the three groups were as follows: M 5 6.21
(SD 50.75), M 5 8.09 (SD 5 0.69), and M 5 10.10 (SD 5
0.69), respectively. Only children who received written
parental consent and who provided verbal assent participated
in this study.
Procedure
Exactly the same procedure was used for both elemen-
tary schools. The research material consisted of a paper–
pencil survey sheet. Consent forms were distributed to
parents to be filled and returned prior to the study. On
the day of the data collection, three researchers visited the
school sites, and were given a set schedule for visiting the
classrooms within the respective elementary school. Prior
to completing the survey, students were instructed on how
to complete the survey (e.g., using the rating scales) and
given opportunities to practice answering neutral survey
prompts, such as ‘‘I like ice cream.’’ Due to the students’
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young age and reading levels for K–2, the researchers
divided each class into three small groups, read the que-
stions aloud, and had the students progress through the
survey form in groups. For grades 3–5, students were given
the survey and asked to fill it out on their own; researchers
walked around the room to respond to student questions
and ensure students were on task.
All students completed the survey during class time,
by marking it with a pencil on the actual survey form.
Completing the surveys took approximately 15 minutes in
grades K–2, and approximately 10 minutes in grades 3–5.
The first section of the survey asked about students’ interest
toward engineering, the second part of the survey asked
about knowledge of engineering activities, and the last part
of the survey collected demographic information. Once the
surveys were filled, they were collected by the researchers.
Students were provided with opportunities to ask the
researchers questions, and given a university-labeled pencil
as compensation for their participation.
Measures
Actual Knowledge of Engineering Occupational Activities
To capture children’s actual knowledge of the occupa-
tional activities associated with engineering, we developed
the KOAM–E measure. The measure consisted of a list of
13 occupational activities and asked children to circle the
activities that describe engineers. The list consisted of six
engineering and seven filler (e.g., paint houses) activities.
Of the six engineering items, two were associated with civil
engineering (plan bridges and canals, build tunnels), two
with mechanical engineering (make plans for roller coast-
ers, build robots), and two with electrical/computer engi-
neering (design heart monitors, write computer programs).
The construct validity of the KOAM–E measure had been
verified with the judgement of subject matter experts (Aiken,
1997). Moreover, we cross-checked the items with occupa-
tional data from the U.S. Department of Labor/Employment
and Training Administration’s Occupational Information
Network (O*NET; Peterson et al., 2001). In terms of internal
reliability, the Cronbach’s alpha for the six engineering items
is 0.67 and the Cronbach’s alpha for the seven filler items is
0.80. We acknowledge the limitation that the Cronbach’s
alpha for the six engineering items is relatively low, which
may be due to the three different engineering disciplines
covered by the six engineering items. We also acknowledge
that more research needs to be conducted to assess the psy-
chometric properties of the KOAM–E measure, and generally
for measures relating to engineering for young students.
Overall knowledge scores on this measure reflected the
total number of correct items (0–13); students received one
point for each engineering item they circled and one point
for each filler item they left blank. For the three domain
scores, children received a score reflecting the number of
domain items that they circled (0–2 for each domain).
Perceived Knowledge of Engineering
Occupational Activities
To assess children’s perceived knowledge of engineering
occupational activities, they were asked to rate how much
they know about engineers (‘‘I know what engineers do’’)
on a 0 (not at all) to 2 (yes, a lot) scale.
Interest in Engineering
Children’s interest in engineering was assessed with
two items (‘‘I would like to learn about engineers’’ and
‘‘I would like to do engineering activities’’). Children were
asked to rate both items on a 0 (not at all) to 2 (yes, a lot)
scale. The two interest items were significantly correlated
(r 5 0.41, p , 0.001); therefore, an overall engineering
interest score was calculated by averaging the ratings for
the two items.
Demographic Information
Demographic information was collected via children
selecting their gender (male or female) and ethnicity (African
American/Black, Asian American, Caucasian/White, Hispanic/
Latino, Native American, or Other) at the end of the question-
naire. Only students who indicated either ‘‘Caucasian/White’’
(35% of the sample) or ‘‘Hispanic/Latino’’ (38.5% of the
sample) were included in this study; for brevity, we henceforth
use the terms ‘‘Caucasian’’ and ‘‘Latinx.’’
Results
Preliminary Analyses
Initial analyses were conducted to examine normality of
the six outcome variables included in this study (overall
civil, mechanical, and electrical/computer knowledge, per-
ceived knowledge, and interest). While the knowledge
variables were all within the normal range, interest was
negatively skewed; thus, this variable was normalized
using an inverse transformation. To examine differences by
school location, independent sample t-tests were conducted
on children’s knowledge and interest scores. Analyses
revealed significant differences for all variables except
perceived knowledge: overall knowledge, t (317) 5 27.77,
p , 0.001; civil knowledge, t (317) 5 22.64, p 5 0.009;
mechanical knowledge, t (317) 5 23.05, p 5 0.002; ele-
ctrical/computer knowledge, t (317) 5 23.24, p 5 0.001;
perceived knowledge, t (317) 5 21.12, p 5 0.264; interest,
t (317) 5 22.81, p 5 0.005. To account for school effects,
school location was included as a covariate.
Actual Knowledge of Engineering Occupational Activities
To examine grade level, gender, and ethnic differences
in children’s overall engineering occupational knowledge
(Research Question 1), a 2 (gender) 6 2 (ethnicity) 6 3
(grade) ANCOVA was conducted with school location as a
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covariate. The main effect for gender was marginally
significant, F(1, 306) 5 2.78, p 5 0.097, suggesting that,
overall, boys (M 5 8.50, SD 5 2.41) had slightly more
knowledge of occupational engineering activities than
girls (M 5 8.35, SD 5 2.41). Results also revealed sig-
nificant main effects for both ethnicity, F(1, 306) 5 6.45,
p 5 0.012, and grade, F(2, 306) 5 50.23, p , 0.001.
For ethnicity, findings indicated that Caucasian students
(M 5 9.27, SD 5 2.38) demonstrated more knowledge of
engineering occupational activities than Latinx students
(M 5 7.65, SD 5 2.18). For grade, post hoc tests using
a Bonferroni adjustment for multiple comparisons indica-
ted that 4th/5th graders (M 5 9.97, SD 5 2.11) displayed
more knowledge than both 2nd/3rd graders (M 58.03,
SD 5 2.01) and K/1st graders (M 5 7.02, SD 5 2.14);
however, the difference between 2nd/3rd graders and K/1st
graders was only marginally significant (p 5 0.072). No
interaction effects were significant.
Differences in children’s engineering domain knowledge
(Research Question 2) were assessed with a 2 (gender) 6 2
(ethnicity) 6 3 (grade) 6 3 (domain: civil, mechanical,
electrical/computer) mixed-design ANCOVA with school
location as a covariate (see Table 1 for the corresponding
percentages of students selecting the respective engineer-
ing items). Gender, ethnicity, and grade were included as
between-subjects factors and domain was entered as a
within-subjects factor. The main effect of domain was not
significant (p 5 0.35); however, the two-way interaction
between domain and grade, F(4, 612) 5 2.77, p 5 0.027,
and the three-way interaction between domain, ethnicity,
and grade, F(4, 612) 5 5.02, p 5 0.001, were significant.
Tests of simple effects revealed that for both the Caucasian
and Latinx groups, domain differences were evident in
K/1st grade and 4th/5th grade, but not in 2nd/3rd grade.
Pairwise comparisons using a Bonferroni adjustment for
multiple comparisons showed that Caucasian K/1st gra-
ders displayed more knowledge of civil (M 5 1.05, SD 5
0.84) and mechanical (M 5 0.97, SD 5 0.82) engineering
activities than electrical/computer engineering activities
(M 5 0.61, SD 5 0.79). There were no significant dif-
ferences between the civil and mechanical scores. In contrast,
Latinx K/1st graders identified more electrical/computer
activities (M 5 1.10, SD 5 0.72) compared to mechanical
activities (M 5 0.72, SD 5 0.81). There were no signi-
ficant differences between civil engineering (M 5 0.79,
SD 5 0.79) and the other scores. For the upper grades,
Caucasian students demonstrated a significant difference
between electrical/computer (M 5 1.51, SD 5 0.72) and
civil (M 5 1.08, SD 5 0.80) engineering activities and a
marginally significant difference between electrical/com-
puter and mechanical (M 5 1.24, SD 5 0.77; p 5 0.065)
engineering activities. Latinx 4th/5th graders showed a
marginally significant difference between mechanical
(M 5 1.09, SD 5 0.73) and civil (M 5 0.76, SD 5 0.80;
p 5 0.06) engineering activities, but no significant dif-
ferences involving electrical/computer engineering acti-
vities (M 5 0.91, SD 5 0.83).
Perceived Knowledge of Engineering
Occupational Activities
To examine grade level, gender, and ethnic differences
in children’s perceived knowledge of engineers (Research
Question 3), a 2 (gender) 6 2 (ethnicity) 6 3 (grade)
ANOVA was conducted. Results revealed a significant
main effect for ethnicity, F(1, 307) 5 4.55, p 5 0.034, and
a marginally significant main effect for grade, F(2, 307) 5
2.78, p 5 0.061. These results were qualified by a signi-
ficant ethnicity by grade interaction, F(2, 307) 5 3.83,
p 5 0.023. Tests of simple effects revealed that ethnic dif-
ferences in perceived knowledge were only evident in
4th/5th grade students. In this age group, Caucasian stu-
dents (M 5 1.16, SD 5 0.61) reported that they knew more
about engineers when compared to the reports of Latinx
students (M 5 0.80, SD 5 0.71). There were no significant
gender effects.
Table 1.
Percentage of students who selected engineering items as a function of gender, ethnicity, and grade.
Engineering items Ethnicity K/1st 2nd/3rd 4th/5th
Girls (%) Boys (%) Girls (%) Boys (%) Girls (%) Boys (%)
Make plans for
roller coasters
Caucasian 52.9 38.1 50 40 62.2 70
Latinx 20.7 44.8 20 36 58.3 43.3
Design heart
monitors
Caucasian 23.5 33.3 35.7 52 70.3 79.2
Latinx 48.3 62.1 30 24 29.2 50
Plan bridges
and canals
Caucasian 64.7 52.4 39.3 36 62.2 66.7
Latinx 24.1 48.3 20 40 41.7 43.3
Build robots Caucasian 41.2 61.9 50 56 70.3 75
Latinx 24.1 55.2 26.7 56 50 66.7
Write computer
programs
Caucasian 41.2 23.8 39.3 36 78.4 75
Latinx 58.6 51.7 26.7 40 45.8 53.3
Build tunnels Caucasian 64.7 33.3 28.6 36 37.8 54.2
Latinx 37.9 48.3 16.7 24 41.7 26.7
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Association Between Overall Actual Knowledge and
Perceived Knowledge
The association between children’s knowledge of occu-
pational engineering activities and their perceived knowl-
edge of engineers (Research Question 4) was examined by
conducting a partial linear correlation controlling for both
school location and grade level. Results indicated a signi-
ficant positive partial correlation between overall knowl-
edge and perceived knowledge, r(315) 5 0.15, p 5 0.01.
Interest in Engineering
Grade level, gender, and ethnic differences in engineer-
ing interest (Research Question 5) were examined with a
2 (gender) 6 2 (ethnicity) 6 3 (grade) ANCOVA with
school location as a covariate. Main effects for ethnicity,
F(1, 306) 5 4.13, p 5 0.043, and grade, F(2, 306) 5 4.29,
p 5 0.015, were both significant; however, there was not
a significant main effect for gender. Results for ethnic
differences indicated that Caucasian students (M 51.62,
SD 5 0.48) reported a stronger interest in engineering than
Latinx students (M 51.35, SD 5 0.67). For grade, post hoc
tests using a Bonferroni adjustment for multiple compar-
isons indicated that 4th/5th graders (M 5 1.58, SD 5 0.52)
and 2nd/3rd graders (M 5 1.53, SD 5 0.61) both repor-
ted a stronger interest in engineering than K/1st graders
(M 5 1.30, SD 5 0.65). There were no significant dif-
ferences between 4th/5th graders and 2nd/3rd graders.
No interaction effects were significant.
Association Between Actual Knowledge and Interest
The association between children’s actual knowledge
of occupational engineering activities and their interest in
engineering (Research Question 6) was examined by con-
ducting a partial linear correlation controlling for both school
location and grade level. Results indicated a significant
positive partial correlation between overall actual knowledge
and interest, r(315) 5 0.15, p 5 0.009.
Common Misconceptions in Actual Knowledge
To explore common misperceptions in children’s actual
knowledge of the occupational activities of engineers, we
examined the percentage of students who selected each filler
item by gender, ethnicity, and grade (see Table 2). Descri-
ptive analyses suggest that children’s misperceptions differed
by group. For instance, for early grades, the most common
misperception of Caucasian girls and boys was ‘‘drive
trains’’; however, for Latinx children, the most common
misperception for girls was ‘‘sell cars’’ and, for boys, the
common misperceptions were ‘‘paint houses’’ and ‘‘help sick
animals.’’ Within the middle age group, Caucasian girls
selected ‘‘sell cars’’ most frequently, whereas Caucasian boys
selected ‘‘drive trains.’’ For Latinx girls, ‘‘sell cars’’ and
‘‘help sick animals’’ were selected most frequently and, for
Latinx boys, ‘‘sell cars’’ was the most frequent misconcep-
tion. For the upper age group, the most frequent misconcep-
tion for Caucasian and Latinx girls was ‘‘sell cars’’ and, for
Caucasian and Latinx boys, it was ‘‘drive trains.’’ In general,
the items that were selected the least were ‘‘sew clothes,’’
‘‘help sick animals,’’ and ‘‘put people in jail.’’
Discussion
Actual Knowledge of Engineering Occupational Activities
This study sought to examine the pre-existing knowledge
of elementary school students about engineering occupa-
tions. Thus, the students were not exposed to any specific
engineering outreach activity, nor any curriculum unit or
informational presentation about engineering prior to com-
pleting the survey. Therefore, the observed survey results
Table 2.
Percentage of students who selected filler items as a function of gender, ethnicity, and grade.
Filler items Ethnicity K/1st 2nd/3rd 4th/5th
Girls (%) Boys (%) Girls (%) Boys (%) Girls (%) Boys (%)
Paint houses Caucasian 35.3 19 7.1 20 5.4 0
Latinx 51.7 55.2 16.7 28 12.5 13.3
Sell cars Caucasian 29.4 9.5 46.4 24 16.2 8.3
Latinx 58.6 41.4 26.7 40 20.8 16.7
Sew clothes Caucasian 23.5 23.8 3.6 4 0 0
Latinx 48.3 51.7 3.3 12 4.2 3.3
Drive trains Caucasian 47.1 42.9 28.6 36 5.4 12.5
Latinx 31 41.4 20 8 12.5 20
Help sick animals Caucasian 23.5 14.3 10.7 8 0 0
Latinx 51.7 55.2 26.7 28 0 6.7
Put people in jail Caucasian 5.9 9.5 3.6 0 0 0
Latinx 17.2 48.3 3.3 12 0 3.3
Trim bushes and grass Caucasian 23.5 19 0 4 0 4.2
Latinx 51.7 48.3 3.3 16 4.2 6.7
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reflect the typical pre-existing knowledge about engineer-
ing in the examined student population.
As expected, older students demonstrated more knowl-
edge of the engineering fields than younger children. This
suggests that students develop some sense of the engineer-
ing fields during their elementary school years. Although
older students appear to have some rudimentary knowledge
of the engineering fields, some of their conceptions appear
naı̈ve. For instance, between 8.3 and 20.8% and between
5.4 and 20% of older students thought that engineers sell
cars or drive trains, respectively (see Table 2). One pos-
sible explanation for these misconceptions is that students
may focus on the noun in the phrase instead of the verb
(Lachapelle et al., 2012; Lachapelle, Cunningham, &
Lingren-Streicher, 2015). Overall, this suggests that it is
very important to expose students early to the actual engi-
neering fields before any misconceptions about what engi-
neers do affect their attitudes and interest toward the
engineering profession.
This current study is the first to examine ethnic dif-
ferences in relation to students’ developing knowledge of
engineering. We found that Caucasian students demon-
strated significantly more accurate knowledge of engineers
compared to their Latinx counterparts. This seems partly
due to the fact that Latinx students were more likely to
circle the filler items in the KOAM–E questionnaire sug-
gesting they had more misconceptions about what engi-
neers do. Several factors could have contributed to these
outcomes, such as stereotypes (Karatas, Micklos, & Bodner
2011; Knight & Cunningham, 2004), family science orien-
tation (Gilmartin, Li, & Aschbacher, 2006), family socia-
lization (Chesler & Chesler, 2002), and access to social
capital (Martin et al., 2013). In this context, it is important
to recognize that Latinx youth have unique cultural know-
ledge and aspirational social capital (Yosso, 2005). Future
research should examine how engineering curricula and outreach
activities can be designed in a culturally responsive manner
(Alemán, Delgado Bernal, & Cortez, 2015; Elenes & Delgado
Bernal, 2010) in order to effectively leverage the unique
cultural knowledge and aspirational capital of Latinx youth
(Davis-Kean et al., 2012; Villalpando & Solórzano, 2005).
Moreover, borrowing from gender schema theory
(Martin & Harverson 1981; Martin, Ruble, & Szkrybalo,
2002), which posits that children are motivated to seek out
same-gender information relative to other gender informa-
tion, it is possible that Latinx students may demonstrate
lower knowledge because they do not see learning about
engineers as self-relevant, given the prototypical stereotype
of an engineer being a White male.
Unlike ethnic differences, the differences in gender were
at trend level. It is possible that gender differences become
more solidified as children become older and learn more
about engineering. This might suggest that further involve-
ment and experiences with engineering in early grades
when gender differences were not apparent may help to
keep students’ knowledge about the engineering field equi-
valent between males and females.
Perceived Knowledge of Engineering
Occupational Activities
When interpreting the results for perceived knowledge of
engineers, it is again important to note that the purpose of
this study was to examine the pre-existing perceptions.
That is, the students were not provided with any specific
engineering curriculum unit or engineering outreach acti-
vity. Rather, the survey results reflect the pre-existing
perceptions of the examined student population. Similar to
the findings for children’s actual knowledge of engineering,
we found that Caucasian students reported that they knew
more about engineering than Latinx students. However, this
difference in perceived knowledge of engineering was only
apparent in the older age group of 4th/5th grade students.
Thus, for this older age group, the pattern in perceived
knowledge matched the pattern in actual knowledge. This
close correspondence between perceived and actual knowl-
edge for the older age group could be due to the fact that
the older students may generally be giving more accurate
representations of what they know, due to their more sophi-
sticated metacognitive skills (Paris & Newman, 1990).
Interestingly, in the young (K/1st grader) age group and the
middle (2nd/3rd grader) age group, both Caucasian stu-
dents and Latinx students had equivalent levels of per-
ceived knowledge of engineering occupational activities. It
will be interesting to examine in future work how these
equivalent perceived knowledge levels relate to perceived
self-efficacy in the occupational activities; potentially, these
equivalent perceived knowledge levels could be leveraged
when developing culturally responsive engineering outreach
activities (Eglash, Gilbert, & Foster, 2013; Villalpando &
Solórzano, 2005).
We did not find any gender differences in perceived
knowledge of students. This likely reflects that elementary
school girls and boys have a similarly naı̈ve understanding
of engineering. These results parallel the lack of gender
differences in the actual knowledge of children. In fact, in
general we did find a positive correlation in children’s
actual and perceived knowledge of engineering, suggesting
that children have some recognition of what they know,
and what they do not know, about engineers.
Another unique contribution of the current study is that
we explored children’s domain-specific engineering knowl-
edge. In general, we found that the children’s domain know-
ledge varied according to grade level and ethnicity. For
example, K/1 Caucasian students know more about civil and
mechanical engineering, whereas Latinx children at that age
know more about electrical/computer engineering. Yet, this
trend changes by the 4th/5th grade in that Caucasian children
demonstrated more knowledge about electrical/computer
engineering versus Latinx children who demonstrated more
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knowledge about mechanical engineering. This illustrates that
children’s representation of a prototypical engineer may
change with age, and may depend on a child’s ethnic back-
ground. Therefore, it is important to provide young children
with broad and accurate knowledge of occupational activities
of engineers, which is consistent with recent results of survey
studies of parents of Latinx students (Hernandez, Rana,
Alemdar, Rao, & Usselman, 2016). This knowledge could be
incorporated into rigorous curricula that prepare K-12 students
for challenging college programs; such preparation has been
found conducive for the educational journeys of Latinx
students toward engineering careers (Brown, 2002).
Interest in Engineering
The patterns for students’ pre-existing interest parallel
what we found for students’ pre-existing knowledge about
engineering. Caucasian students show significantly more
interest in engineering than Latinx students regardless of
gender. Recent statistics indicate that minorities earn rela-
tively fewer engineering degrees than Whites (Colby &
Ortman, 2015; NSF, 2015), and the findings from this
study show that disparities in interest begin as early as
elementary school. This underscores the necessity of cul-
turally responsive outreach interventions beginning in ele-
mentary school. It is promising to see that older elementary
school students reported stronger interest in engineering
than younger students; this is likely due to their increa-
sed knowledge of what engineers do. In fact, we found a
positive association between students’ knowledge of and
interest in engineering. This highlights that outreach inter-
ventions that teach children broad and accurate representa-
tions of what engineers do may also influence their interest
in pursuing engineering.
Unlike studies of older students in grades 8–12 (Chan
et al., 2000; Ing et al., 2014) and college freshmen (Besterfield-
Sacre et al., 2001), which found significant differences
between the engineering-related attitudes of males and
females, the present study of elementary school students
did not find significant gender differences. In particular,
this study found an only marginally significant higher
knowledge of engineering occupational activities by boys
(M 5 8.50, SD 5 2.41) compared to girls (M 5 8.35,
SD 5 2.41), and no differences between the interest levels
of boys and girls for engineering. This result is consistent
with the equivalent enjoyment levels of female and male
elementary school students in a recent study on electrical
engineering activities, which contrasted with significantly
higher enjoyment levels for male high school students
compared to female high school students (Reisslein et al.,
2013). Our results contribute to the emerging under-
standing that the attitudes of female and male students
related to engineering diverge during the middle school
years (grades 6–8). A continuous intervention program that
begins in elementary school grades and accompanies
students throughout elementary and middle school years
may help in preserving the equivalent interest levels of both
genders toward engineering as they grow older. Examining
the effect of such continuous intervention programs is an
important direction for future research.
A limitation of the examination of interest in engineering
in this study is that the elementary school students were not
provided with an introductory curriculum unit or outreach
activities about engineering prior to completing the survey
measure. This study design was adopted in order to obtain
the pre-existing actual and perceived knowledge of engi-
neering in the examined elementary student population.
This study may therefore examine the interest that cor-
responds to naı̈ve, or potentially incorrect, knowledge of
engineering occupational activities. Future research needs
to specifically examine the interest of students in occupa-
tional activities that engineers typically engage in and
compare with the interest results obtained in the present
study. We also note as a limitation that we did not assess
children’s actual prior experiences with engineering through
parent or child reports to possibly examine whether Caucasian
children had more engineering exposure than Latinx children.
Conclusion
This study aimed to fill gaps in the literature regarding
knowledge and interest toward engineering in early ele-
mentary school. Findings revealed that Caucasian and older
children displayed greater knowledge of and interest in
engineering compared to Latinx and younger children.
Findings also revealed that both genders had equivalent
knowledge and interest levels. These results highlight that
ethnic disparities in knowledge and attitudes toward engi-
neering occupation may begin as early as elementary school.
Thus, culturally responsive interventions to promote chil-
dren’s interest in engineering should be introduced in
kindergarten and should include components to increase
children’s knowledge of the diverse roles performed by
engineers.
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Muñoz, C. Martı́nez, & M. Machado-Casas (Eds.), Handbook of Latinos
and education: Theory, research, and practice (pp. 63–89). New York:
Routledge.
Frey, D. D., & Powers, B. (2012). Designing design squad: Developing
and assessing a children’s television program about engineering.
Journal of Pre-College Engineering Education Research, 2(1), 1–20.
Garrison, H. (2013). Underrepresentation by race–ethnicity across stages
of US science and engineering education. CBE-Life Sciences Educa-
tion, 12(3), 357–363.
Gay, G. (2010). Culturally responsive teaching: Theory, research, and
practice. New York: Teachers College Press.
Gibbons, S. J., Hirsch, L. S., Kimmel, H., Rockland, R., & Bloom, J.
(2004, October). Middle school students’ attitudes to and knowledge
about engineering. In Proceedings of the International Conference on
Engineering Education. Gainesville, FL.
Gilmartin, S. K., Li, E., & Aschbacher, P. (2006). The relationship
between interest in physical science/engineering, science class exp-
eriences, and family contexts: Variations by gender and race/ethnicity
among secondary students. Journal of Women and Minorities in
Science and Engineering, 12(2–3), 179–207.
Guzey, S. S., Harwell, M., & Moore, T. (2014). Development of an
instrument to assess attitudes toward science, technology, engineering,
and mathematics (STEM). School Science and Mathematics, 114,
271–279.
Heckman, J. J. (2006). Skill formation and the economics of investing in
disadvantaged children. Science, 312(5782), 1900–1902.
Hernandez, D., Rana, S., Alemdar, M., Rao, A., & Usselman, M. (2016).
Latino parents’ educational values and STEM beliefs. Journal for
Multicultural Education, 10(3), 354–367.
Hidi, S., & Renninger, K. A. (2006). The four-phase model of interest
development. Educational Psychologist, 41(2), 111–127.
Hirsch, L. S., Berliner-Heyman, S., Kimmel, H., & Carpinelli, J. (2011).
Middle school students’ perceptions of engineers before and after a
summer enrichment program. In Proceedings of the International
Conference for Engineering Education.
Hsu, M. C., Purzer, S., & Cardella, M. E. (2011). Elementary teachers’
views about teaching design, engineering, and technology. Journal of
Pre-College Engineering Education Research, 1(2), 31–39.
Hutchinson, K., Bodner, G. M., & Bryan, L. (2011). Middle- and high-
school students’ interest in nanoscale science and engineering topics
24 Gamze Ozogul, Cindy Faith Miller, and Martin Reisslein / Journal of Pre-College Engineering Education Research
10http://dx.doi.org/10.7771/2157-9288.1122
and phenomena. Journal of Pre-College Engineering Education
Research, 1(1), 30–39.
Ing, M., Aschbacher, P. R., & Tsai, S. M. (2014). Gender differences in
the consistency of middle school students’ interest in engineering and
science careers. Journal of Pre-College Engineering Education
Research, 4(2), 1–10.
Johnson, A. M., Ozogul, G., DiDonato, M. D., & Reisslein, M. (2013).
Engineering perceptions of female and male K–12 students: Effects of
a multimedia overview on elementary, middle-, and high-school
students. European Journal of Engineering Education, 38(5), 519–531.
Johnson, A. W., Wendell, K., & Watkins, J. (2016). Dimensions of
experienced responsive teaching in engineering. In Proceedings of the
123rd American Society for Engineering Education Annual Conference
and Exposition.
Jordan, M. E., & McDaniel Jr., R. R. (2014). Managing uncertainty during
collaborative problem solving in elementary school teams: The role of
peer influence in robotics engineering Activity. Journal of the Learning
Sciences, 23, 1–47.
Karatas, F. O., Micklos A., & Bodner G.M. (2011). Sixth-grade students’
views of the nature of engineering and images of engineers. Journal of
Science Education and Technology, 20(2), 123–135.
Kazakoff, E. R., Sullivan, A., & Bers, M. U. (2013). The effect of a
classroom-based intensive robotics and programming workshop on
sequencing ability in early childhood. Early Childhood Education
Journal, 41(4), 245–255.
Knight, M., & Cunningham, C. (2004). Draw an engineer test (DAET):
Development of a tool to investigate students’ ideas about engineers
and engineering. Proceedings of the ASEE Annual Conference,
Salt Lake City, UT (pp. 4079–4089).
Knudsen, E. I., Heckman, J. J., Cameron, J. L., & Shonkoff, J. P. (2006).
Economic, neurobiological, and behavioral perspectives on building
America’s future workforce. Proceedings of the National Academy of
Sciences, 103(27), 10155–10162.
Koerber, S., Mayer, D., Osterhaus, C., Schwippert, K., & Sodian, B.
(2015). The development of scientific thinking in elementary school:
A comprehensive inventory. Child Development, 86, 327–336.
Krapp, A. (2007). An educational-psychological conceptualisation of interest.
International Journal for Educational and Vocational Guidance, 7, 5–21.
Lachapelle, C. P., & Cunningham, C. M. (2007, March). Engineering is
elementary: Children’s changing understandings of science and engi-
neering. In Proceedings of the ASEE Annual Conference & Exposition.
Lachapelle, C. P., & Cunningham, C. M. (2014). Engineering in elemen-
tary schools. In Engineering in pre-college settings: Synthesizing
research, policy, and practices. West Lafayette, IN: Purdue University
Press.
Lachapelle, C. P., & Cunningham, C. M. (2016). Performance assessment
in elementary engineering: Evaluating student (RTP). Proceedings of
the ASEE Annual Conference.
Lachapelle, C. P., Phadnis, P., Hertel, J., & Cunningham, C. M. (2012).
What is engineering? A survey of elementary students. Proceedings of
the 2nd P–12 Engineering and Design Education Research Summit,
Washington, DC.
Lindberg, R. E., Pinelli, T. E., & Batterson, J. G. (2008, April). Sense and
sensibility: The case for the nationwide inclusion of engineering in the
K–12 curriculum. Proceedings of the ASEE Southeast Section
Conference.
Loeb, S., Bridges, M., Bassok, D., Fuller, B., & Rumberger, R. W. (2007).
How much is too much? The influence of preschool centers on
children’s social and cognitive development. Economics of Education
Review, 26(1), 52–66.
Lottero-Perdue, P. S. & Parry, E. A. (2016). Elementary teachers’
reflections on design failures and use of fail words after teaching
engineering for two years (Fundamental). Proceedings of the ASEE
Annual Conference.
Maltese, A. V., & Tai, R. H. (2010). Eyeballs in the fridge: Sources of
early interest in science. International Journal of Science Education,
32, 669–685.
Martin, C. L., & Halverson Jr., C. F. (1981). A schematic processing
model of sex typing and stereotyping in children. Child Development,
1119–1134.
Martin, C. L., Ruble, D. N., & Szkrybalo, J. (2002). Cognitive theories of
early gender development. Psychological Bulletin, 128(6), 903.
Martin, J. P., Simmons, D. R., & Yu, S. L. (2013). The role of social
capital in the experiences of Hispanic women engineering majors.
Journal of Engineering Education, 102(2), 227–243.
Marulcu, I. (2014). Teaching habitat and animal classification to fourth
graders using an engineering-design model. Research in Science &
Technological Education, 32(2), 135–161.
Marulcu, I., & Barnett, M. (2013). Fifth graders’ learning about simple
machines through engineering design-based instruction using LEGO2
materials. Research in Science Education, 43(5), 1825–1850.
Milto, E., Wendell, K., Watkins, J., Hammer, D., Spencer, K., Portsmore,
M., & Rogers, C. (2016). Elementary school engineering for fictional
clients in children’s literature. In A. A. Leonard & M. James (Eds.),
Connecting science and engineering education practices in meaningful
ways (pp. 263–291). Springer International Publishing.
Moffett, G. E., Weis, A. M., & Banilower, E. R. (2011). Engineering
is elementary: Impacts on students historically-underrepresented in
STEM fields. Chapel Hill, NC: Horizon Research, Inc. Retrieved
October 20, 2014 from https://eie.org/sites/default/files/research_
article/research_file/2011_horizon_impactstudy_final.pdf
Montfort, D. B., Brown, S., & Whritenour, V. (2013). Secondary students’
conceptual understanding of engineering as a field. Journal of Pre-
College Engineering Education Research, 3(2), 1–12.
Moore, T. J., Glancy, A. W., Tank, K. M., Kersten, J. A., Smith, K. A., &
Stohlmann, M. S. (2014). A framework for quality K–12 engineering
education: Research and development. Journal of Pre-College
Engineering Education Research, 4(1), 1–13.
My College Options & STEMconnector (2012). Where are the STEM
students? What are their career interests? Where are the STEM jobs?
2012–2013 Executive Summary. Retrieved from http://www.
dailyherald.com/assets/PDF/DA127758822.pdf
National Academy of Engineering (NAE). (2011). Global technology:
Changes and implications: Summary of a forum. Washington, DC:
National Academies Press.
National Science Foundation (NSF). (2015). Women, minorities, and
persons with disabilities in science and engineering: 2015. Special
Report NSF 15-311. Arlington, VA: National Center for Science and
Engineering Statistics. http://www.nsf.gov/statistics/wmpd/
Paris, S. G., & Newman, R. S. (1990). Development aspects of self-
regulated learning. Educational Psychologist, 25(1), 87–102.
Pawley, A. L. (2009). Universalized narratives: Patterns in how faculty
members define ‘‘engineering.’’ Journal of Engineering Education,
98(4), 309–319.
Peterson, N. G., Mumford, M. D., Borman, W. C., Jeanneret, P. R.,
Fleishman, E. A., Levin, K. Y., … Gowing, M. K. (2001). Under-
standing work using the Occupational Information Network (O*Net):
Implications for practice and research. Personnel Psychology, 54, 451–492.
Portsmore, M. D., & Rogers, C. (2004). Bringing engineering to
elementary school. Journal of STEM Education, 5, 17–28.
Portsmore, M. D., & Swenson, J. E. (2012). Systemic intervention:
Connecting formal and informal education experiences for engaging
female students in elementary school in engineering. Proceedings of
the ASEE Annual Conference.
Pritchard, J. W., & Mina, M. (2013, October). The dynamic image of the
engineer. In Proceedings of the IEEE Frontiers in Education
Conference (pp. 1145–1146).
Purzer, S., Strobel, J., & Cardella, M. E. (Eds.). (2014). Engineering in
pre-college settings: Synthesizing research, policy, and practices. West
Lafayette, IN: Purdue University Press.
Gamze Ozogul, Cindy Faith Miller, and Martin Reisslein / Journal of Pre-College Engineering Education Research 25
11http://dx.doi.org/10.7771/2157-9288.1122
Reisslein, J., Ozogul, G., Johnson, A. M., Bishop, K. L., Harvey, J., &
Reisslein, M. (2013). Circuits kit K–12 outreach: Impact of circuit
element representation and student gender. IEEE Transactions on
Education, 56(3), 316–321.
Rogers, C. B., Wendell, K., & Foster, J. (2010). A review of the NAE
report, engineering in K–12 education. Journal of Engineering Education,
99(2), 179.
Rumberger, R. W., & Arellano, B. (2003). Understanding and addressing
the Latino achievement gap in California. Draft Report submitted to the
Latino Policy Institute, California Policy Research Center, University
of California.
Salzman, N., Ohland, M. W., & Cardella, M. E. (2015). Measuring the
effects of pre-college engineering experiences, year 2. In Proceedings
of the ASEE Annual Conference & Exposition.
Schaefers, K. G., Epperson, D. L., & Nauta, M. M. (1997). Women’s
career development: Can theoretically derived variables predict per-
sistence in engineering majors? Journal of Counseling Psychology, 44,
173–183.
Schnittka, C. G. (2012). Engineering education in the science classroom:
A case study of one teacher’s disparate approach with ability-tracked
classrooms. Journal of Pre-College Engineering Education Research,
2(1), 35–48.
Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2012). Considerations for
teaching integrated STEM education. Journal of Pre-College Engi-
neering Education Research, 2(1), 28–34.
Strawhacker, A., Sullivan, A., & Portsmore, M. (2016, March). Billund
builds music: An engineering education initiative in Danish kinder-
gartens. In Proceedings of the 2016 IEEE Integrated STEM Education
Conference (ISEC) (pp. 257–261).
Strutz, M. (2010). Identifying engineering interest and potential in middle
school students: Developing an instrument. Proceedings of the ASEE
Annual Conference.
Sun, Y., & Strobel, J. (2013). Elementary engineering education (EEE)
adoption and expertise development framework: An inductive and
deductive study. Journal of Pre-College Engineering Education Research,
3(1), 32–52.
Tolbert, D., & Cardella, M. (2016, December). What they say: Black
children talk about learning engineering. In Proceedings of the IEEE
Frontiers in Education Conference (FIE) (pp. 1–4).
U. S. Census Bureau. (2013, September). American community survey
reports, disparities in STEM employment by sex, race, and hispanic
origin (p. 5). http://www.census.gov/prod/2013pubs/acs-24.pdf
U. S. Congress Joint Economic Committee (2012). STEM education:
Preparing for the jobs in the future. http://www.jec.senate.gov/public/
index.cfm?a5Files.Serve&File_id56aaa7e1f-9586-47be-82e7-
326f47658320
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